To see if there is an association in Japanese between elastin gene (ELN) polymorphisms and neovascular age-related macular degeneration (AMD) or its subtypes, typical AMD (tAMD) and polypoidal choroidal vasculopathy (PCV). METHODS. The authors genotyped five single nucleotide polymorphisms (SNPs), rs2301995, rs2856728, rs868005, rs884843, and rs13239907, at Kyoto University and Saitama Medical University. A case-control study was performed on 1296 patients with AMD and 478 controls. RESULTS. A statistically significant association was detected between the rs2301995 SNP and AMD (P ϭ 0.018). Furthermore, subtype analysis revealed a significant association of rs2301995 with tAMD (P ϭ 0.0018), but not with PCV. The genotype distribution of rs2301995 also differed significantly between tAMD and PCV (P ϭ 0.00030). The trend in genotype distribution of rs2301995 was similar between the Kyoto and the Saitama studies. The A allele frequency was higher in tAMD, whereas it was similar in PCV and in controls, which is opposite to that reported in a previous study that the A allele frequency is higher in PCV, whereas it is similar in tAMD and in controls. Haplotype analysis also showed that the ELN polymorphism is significantly associated with tAMD (P ϭ 0.0055), but not with PCV. CONCLUSIONS. ELN is associated with AMD in Japanese. Furthermore, the findings suggest that ELN is a susceptibility gene for tAMD but not for PCV, which is opposite to that reported in a previous study that ELN is the susceptibility gene for PCV but not for tAMD. (Invest Ophthalmol Vis Sci. 2011;52:8780 -8784) DOI:10.1167/iovs.11-8205 N eovascular age-related macular degeneration (AMD) is divided into polypoidal choroidal vasculopathy (PCV), retinal angiomatous proliferation, and typical age-related macular degeneration (tAMD) that includes predominantly classic choroidal neovascularization (CNV) type, minimally classic CNV type, and occult with no classic CNV type. Differences between tAMD and PCV have been investigated for more than a decade. Although PCV is regarded as a subtype of AMD, its prognosis has been reported to be better than that of tAMD.
N eovascular age-related macular degeneration (AMD) is divided into polypoidal choroidal vasculopathy (PCV), retinal angiomatous proliferation, and typical age-related macular degeneration (tAMD) that includes predominantly classic choroidal neovascularization (CNV) type, minimally classic CNV type, and occult with no classic CNV type. Differences between tAMD and PCV have been investigated for more than a decade. Although PCV is regarded as a subtype of AMD, its prognosis has been reported to be better than that of tAMD. 1, 2 Furthermore, the response to treatment differs between tAMD and PCV. It has been shown that photodynamic therapy is more effective for PCV than that for tAMD. [3] [4] [5] In contrast, anti-vascular endothelium growth factor (VEGF) treatment just barely inactivates the polypoidal lesions of PCV, although it works well on the CNV associated with tAMD. 6 -9 The prevalence of PCV and tAMD also differs depending on ethnicity. In Caucasians, PCV is seen in only 8 -13% of neovascular AMD, 2 whereas it has been shown that 41.3-54.7% of neovascular AMD in Japanese patients have PCV. 10, 11 These differences suggest genetic background differences in the development of tAMD and PCV.
Susceptibility genes for AMD have been investigated intensely, and evidence has shown that the CFH gene and the ARMS2/HTRA1 gene are associated with AMD, tAMD, and PCV. [12] [13] [14] [15] [16] [17] [18] We have recently shown that the association of the ARMS2 gene is stronger for tAMD than for PCV, whereas the association of the CFH gene is similar between tAMD and PCV. 19 Discovery of a susceptibility gene associated only with tAMD but not with PCV, or vice versa, would deepen our understanding of the difference in pathogenesis between tAMD and PCV.
Kondo and colleagues 20 evaluated five tag SNPs of the elastin gene (ELN) in Japanese, and showed that its polymorphism is associated with PCV but not with tAMD. Although they discussed the possibility that they might have underestimated the association with tAMD because of a type I error due to low samples sizes (n ϭ 285), ELN might explain the different mechanisms involved in the development of tAMD and PCV. In Caucasians, however, it has been shown that ELN is not associated with PCV or AMD. 21, 22 Bruch's membrane is an elastin-rich extracellular matrix between retinal pigment epithelium and choroidal capillaries, whose defect can lead to CNV formation. Elastin polymerization deficit has been shown to lead to larger CNV in laser-induced CNV in mouse. 23 Furthermore, histophathologic studies showed disruption of the elastic layer of polypoidal vessels in PCV. Evaluation of elastin in CNV development would lead to more precise understanding of the difference between tAMD and PCV. 24, 25 In the present study we evaluated the five tag SNPs of ELN at Kyoto University and, separately, at Saitama University, using the same probes to examine the association of ELN to AMD and to its subtypes tAMD and PCV in a relatively large cohort (n ϭ 1774).
MATERIALS AND METHODS
This study was performed in accordance with the tenets of the Declaration of Helsinki and was approved by the Institutional Review Board/Ethics Committee of Kyoto Graduate School of Medicine, Kyoto, Japan, and by the Ethics Committee of Saitama Medical University, Saitama, Japan. Written informed consent was obtained from each patient.
In all, 926 patients with neovascular AMD and 336 patients with cataract but no AMD selected as control were recruited from the Department of Ophthalmology at Kyoto University Hospital and from the Ophthalmology Department at Fukushima Medical University Hospital. Of the 926 patients, 408 had tAMD and 518 had PCV. A total of 142 control subjects and 370 patients with neovascular AMD, including 216 with tAMD and 154 with PCV, were recruited from Saitama Medical University Hospital. All subjects in the present study were unrelated and all were of Japanese descent. The diagnosis of PCV was based on indocyanine green angiography, which showed a branching vascular network that terminated in polypoidal swelling. Typical AMD showed classic CNV, occult CNV, or both. All diagnoses in the Kyoto study and the Saitama study were made by three retina specialists at each facility using fundus photograph, fluorescein and indocyanine green angiography, and optical coherence tomography; a fourth specialist was called on when the subtype classification could not be decided on by the initial three reviewers. Less than 5% of the diagnosis was made with the help of the fourth specialist.
Genomic DNAs were prepared from peripheral blood using a DNA extraction kit (QuickGene-610L; Fujifilm, Minato, Tokyo, Japan, or Wizard Genomic DNA Purification Kit; Promega, Madison, WI). Tag SNPs were selected by use of a commercial database (HapMap database phase 2 release 22) by the tagger pairwise method with an R 2 cutoff of 0.8 and minor allele frequency (MAF) cutoff of 0.2, which included the five SNPs (rs2301995, rs2856728, rs868005, rs884843, and rs13239907) that were previously examined, 20, 21 and were genotyped using an SNP assay (TaqMan, with the ABI PRISM 7700 system or 7000 system; Applied Biosystems, Foster City, CA). Mean ages were compared using ANOVA with post hoc comparisons tested by the Scheffé procedure. Allele frequency and sex ratio were compared with the 2 test and the genotype distribution was compared with the 2 test for trend or its exact counterpart. Age and sex differences were adjusted with logistic regression analysis software (R software, provided in the public domain by the R Foundation for Statistical Computing, Vienna, Austria, available at http://www.r-project.org/) by fitting the number of minor allele carried as an ordinal covariate, and age and sex as continuous and categorical covariates. Values of P Ͻ 0.05 were considered to be statistically significant.
RESULTS
Demographics of the study population are shown in Table 1 . The mean ages and sex ratios were significantly different between controls and cases at each facility. Table 2 shows the genotype distributions of rs2301995, rs2856728, rs868005, rs884843, and rs13239907 in both the Kyoto study and the Saitama study. Since the genotype frequencies were not significantly different between the Kyoto study and the Saitama study, we pooled the data to evaluate the association of the five SNPs to AMD, tAMD, and PCV.
A statistically significant association was detected between rs2301995 and AMD (P ϭ 0.018; Table 3 ). When the subtypes of AMD were evaluated, rs2301995 was significantly associated with tAMD (P ϭ 0.0018), with the A allele as a risk, but was not associated with PCV. In both the Kyoto and the Saitama studies, the frequencies of the minor allele of rs2301995 and rs2856728 were higher in tAMD, whereas they were similar in controls and in PCV. The genotype distributions of rs2301995 and rs2856728 were also significantly different between tAMD and PCV (P ϭ 0.00030 and 0.00012). Similarly to Kondo et al., 20 we performed a haplotype analysis (Haploview) using three SNPs: rs868005, rs884843, and rs2301995. The estimated frequencies are shown in Table 4 . A significant difference was noted for the T-G-A in an analysis between controls and tAMD (P ϭ 0.0055) and also in an analysis between tAMD and PCV (P ϭ 0.014).
DISCUSSION
In the study reported herein, we showed that the ELN polymorphism is associated significantly with AMD, and subtype analysis revealed that ELN is a susceptibility gene for tAMD but not for PCV. Our findings are consistent with those of a previous report by Kondo et al. 20 in that ELN is a susceptibility gene for AMD. However, in that report they showed that the ELN polymorphism is associated with PCV, but not with tAMD. Furthermore, they reported that MAFs of rs2301995 and rs2856728 were higher in PCV, whereas they were similar in controls and in tAMD (Table 5 ). This is opposite to our findings-that the MAFs of rs2301995 and rs2856728 are higher in tAMD and are similar in controls and in PCV. The genotype distributions of rs2301995 and rs2856728 had a similar trend between the Kyoto and Saitama studies. Although further investigation is needed, the consistent trend in genotype distribution in the Kyoto study and in the Saitama study suggests that ELN is a susceptibility gene for tAMD, but not for PCV.
In Caucasians, Lima et al. 21 evaluated the ELN rs2301995 polymorphism in 66 patients with PCV and in 368 unaffected controls, and showed that it was not associated with PCV. Ennis et al. 22 also evaluated three ELN SNPs, rs868005, rs2071307, and rs11770302, in 479 AMD patients and in 479 controls, and showed that ELN is not associated with AMD in Caucasians. According to the report by Lima et al., 21 the MAFs of the rs2301995 SNP in Caucasians were 6.3% in PCV, 5.4% in AMD, and 7.1% in controls, which are relatively lower than the MAFs in Japanese, which are reported to be 14 -17%. Evaluating associations of SNPs whose MAFs are low tends to lead to false-negative results. For example, many East Asian studies reported that CFH Y402H SNP, the most significantly associated gene locus for Caucasian AMD, is not associated with AMD. 26 -31 More recent studies, performed with a larger cohort or meta-analysis, however, revealed an association of the Y402H SNP to AMD, tAMD, and PCV in East Asians. 19, 32 Further study with a larger cohort might be required to investigate the association of ELN rs2301995 SNP in Caucasians.
In the present study, haplotype analysis also supports the theory that ELN is associated with tAMD, not with PCV, in Japanese. The A-G-T haplotype was more prevalent in tAMD than that in controls and, furthermore, was significantly more prevalent in tAMD than that in PCV. However, Kondo and associates 20 reported that the A-G-T haplotype was more prevalent in PCV than that in controls or tAMD. The difference between our findings and the previous report by Kondo et al. 20 might stem from selection bias or diagnosis difference among facilities. Furthermore, the association detected in our study and the previous study might be false-positive findings. In the present study, only one SNP of rs2301995 showed a significant association. When Bonferroni correction was applied, the P values of rs2301995 between control and tAMD become 0.042 in allele analysis and 0.027 in genotype analysis. The P value of the A-G-T haplotype between control and tAMD becomes 0.017. Further evaluation by other facilities would be indispensable.
The differences between tAMD and PCV in prognosis, reaction to treatments, and prevalence according to ethnicity suggest to us that the pathogenesis of tAMD and PCV is different, at least in part. Histopathologic studies have evaluated the pathologic features of PCV, and whereas some studies showed that the choroidal neovascularization of PCV is the same as that of tAMD, others showed that PCV consists of abnormalities of the inner choroidal vessels, and these differences have not led to a definitive understanding of the pathogenesis of these diseases.
24,25,33-38 Nakashizuka et al. 38 reported a lack of VEGF positivity in the vascular endothelial cells of PCV. In contrast, two other reports have shown the expression of VEGF in PCV 35, 36 to be the same as that in CNV membranes secondary to tAMD. 39 Considered together with the relatively poor effects that anti-VEGF treatment have on PCV, VEGF gene polymorphism seems to be an attractive candidate in which to explore the difference between tAMD and PCV. However, evaluation of a previous report indicates no difference in VEGF gene polymorphism between tAMD and PCV. 11 Although the association difference of ELN to tAMD and PCV needs to be carefully judged from both the present study and previous studies, histopathologic studies of elastin expression in tAMD and PCV might reveal a difference in the pathogenesis between PCV and tAMD.
In summary, our findings indicate an association of the elastin gene variant with tAMD, but not with PCV, in Japanese subjects, but, since our findings are opposite those of previous studies, further investigation is warranted, and a genetic study may well deepen our understanding of the pathogenesis of tAMD and PCV. 
